Introduction
Several lines of evidence suggest that intrauterine inflammation is associated both with preterm delivery and the development of chronic lung disease, often referred to as bronchopulmonary dysplasia (BPD) [9] [10] [11] 19, 24] .
The fetal inflammatory response syndrome (FIRS) is a condition characterized by systemic activation of the fetal innate immune system and is associated to multiorgan involvement and higher morbidity [24] .
Watterberg et al. studied the association between lung inflammation and chorioamnionitis in very low birth weight preterm infants and reported a lower prevalence of respiratory distress syndrome (RDS) than in controls and a higher likelihood to develop BPD [4, 40] .
Antenatal exposure to pro-inflammatory cytokines such as IL-1β, IL-6, IL-8 and TNF-α and the occurrence of BPD have been documented in some studies [9, 10, 23] . IL-10 is an anti-inflammatory cytokine that promotes humoral immunity for protection against extracellular pathogens [24] . The anti-inflammatory cytokine IL-10 was less prominent in the placenta of patients with BPD compared with those without BPD. IL-10 expression in the villous trophoblast layer was associated with a reduced odds ratio of developing BPD [9] . These results suggest that a placental balance between inflammatory and anti-inflammatory cytokines is crucial to normal lung organogenesis. Importantly, IL-10 seems to be protective against the development of BPD [21] .
Previous studies on association between inflammatory cytokines and lung lesion of the preterm newborn have been performed using amniotic fluid and tracheal aspirates, but not cord blood.
The aims of our study were to analyse the venous cord blood values of IL-1β, IL-6, IL-8, IL-10 and TNF-α in a cohort of preterm neonates in order to: (1) assess the association between cytokine venous cord blood levels and RDS; (2) to establish an association between cord blood cytokines levels and BPD, so that they could be used as early markers of BPD soon after birth.
Material and methods
Preterm neonates less than 30 weeks gestational age (29 weeks and 6 days, inclusive), born between January 2007 and December 2010 in two tertiary neonatal intensive care units (NICU), were selected for study. Preterm neonates affected by a TORCH infection, a chromosomal or a major congenital anomaly, twin-twin transfusion syndrome, asphyxia, any inborn error of metabolism detected during the neonatal period were excluded. Preterm neonates whose parents did not consent, were also not included.
Clinical features, including gender, gestational age, birth weight, antenatal steroid pulses, histological chorioamnionitis, intra-uterine growth restriction, neonatal morbidity, use of exogenous surfactant, oxygen therapy, mechanical ventilation and duration of NICU stay were collected. A venous cord blood sample of 4-5 ml was collected, immediately after birth, from the placental portion of the umbilical cord. Blood was then centrifugated and freezed between −20 and −30 degrees Celcius. Cytokines -IL-1β, IL-6, IL-8, IL-10 and TNF-α -were analysed by ELISA microassay in plasma serum from the cord blood samples.
The study was approved by the institutional research ethics board of the both centres involved in the study.
The diagnosis of BPD was made according to de NIH (National Institute of Health) Consensus Definition of Bronchopulmonary Dysplasia [3] . In this study we analysed the association between BPD and cytokines for those requiring oxygen at 28 days of life (mild BPD) at 36 weeks post-menstrual age (moderate/severe BPD) and for the combined outcome death or moderate/severe BPD. Oxygen, in both centers, is used to maintain saturations given by pulse oxymetry in the range of 88% −94% for RDS and 90%-95% for BPD.
The diagnosis of acute RDS was made on a combination of clinical and radiographic features according to the criteria of the Vermont Oxford Network (VON), once our unit is a collaborative member. The VON criteria for RDS are: (1) PaO 2 < 50 mmHg in room air, central cyanosis in room air, a requirement for supplemental oxygen to maintain PaO 2 > 50 mmHg, or a requirement for supplemental oxygen to maintain a pulse oximeter saturation over 85% within the first 24 hours of life and; (2) a chest radiograph consistent with RDS (reticulogranular appearance to lung fields with or without low lung volumes and air bronchograms) within the first 24 hours of life.
Histological chorioamnionitis was classified according to the method proposed by Blanc WA [62] : stage I -intervilositis; stage II -chorionitis; stage III -chorioamnionitis; funisitis -polymorphonuclear leukocytes in the Wharton's jelly or umbilical vessel walls; vasculitis -polymorphonuclear leukocytes in chorionic or umbilical blood vessel walls.
Chi-squared test was used to compare categorical variables and the Mann-Whitney test was used to compare two independent samples.
Results
One hundred and fifty preterm neonates were included in the study. Demographics, perinatal data, neonatal clinical data, histological chorioamnionitis and venous cord blood cytokines levels of the 150 included patients are reported in Table 1 . The rate of small for gestational age (birthweight centile < 10 of Fenton's growth charts) was 21% (n = 31). Sixteen patients (10.6%) were deceased before 28 days of life [causes of death on clinical and autopsy grounds: intraventricular haemorrhage grade IV = 5 (31.3 %); sepsis + pneumonia + pulmonary haemorrhage = 9 (56.3%); severe respiratory distress syndrome = 1 (6.2%); extreme immaturity = 1 (6.2%)]. One hundred and thirty four neonates were alive at 28 days of life and 36 weeks 35 ( of post-menstrual age. Three neonates (2%) deceased after 36 weeks post-menstrual age, two deaths were sepsis related and one child with BPD died because of respiratory failure.
Comparison of venous cord blood cytokines between patients deceased before 28 days of life and patients alive at 36 weeks of post-menstrual age is reported in Table 2 . Patients deceased before 28 days of life presented significant lower gestational age and birthweight. Cord blood levels of IL-8 were significantly higher in patients deceased before 28 days of life (p = 0.004), and this significance was present after adjustment for gestational age: odds ratio (OR) 1.004 [CI 95%: 1.001-1.008] (p = 0.014).
We did not find any significant association between the analysed venous cord blood cytokines and the occurrence of RDS.
No significant associations were found between cord blood cytokines and mild BPD (for both groups: patients alive at day 28 of life; and for the combined outcome death or dependency of oxygen on day 28 of life).
No significant associations were found between cord blood cytokines and moderate/severe BPD considering the patients alive at 36 weeks post-menstrual age. Nevertheless, IL-8 cord blood levels were significantly higher in the group with combined outcome death or moderate/severe BPD (median 218.9 vs. 96.6 pg/ml, p < 0.001), Table 3 . This significance was present after adjustment for gestational age, OR 1.004 [CI 95%:
The association between intra-uterine growth and moderate/severe BPD is reported in Tables 4 (moderate/severe BPD) and 5 (combined outcome death or moderate/severe BPD). Small for gestational age preterm neonates with moderate/severe BPD presented significantly higher levels of cord blood IL-8 and lower levels of IL-6 and IL-10 when compared to SGA without moderate/severe BPD. IL-8 was also significantly elevated in the appropriate for gestational age group with combined outcome death or moderate/severe BPD (p = 0.003). Small for gestational age preterm neonates with moderate/severe BPD presented significantly higher levels of cord blood IL-8 without moderate/severe BPD, Table 6 . Small for gestational age patients were more likely born by C-section than the appropriate for gestational age group, although the prevalence of chorioamnionitis was not significantly different in both groups, Table 7 . The association between histological chorioamnionitis (all grades) and delivery mode was not significant (41% of chorio in C-section group vs 46% of chorio in vaginal delivery, p = 0.382). No significant associations were found between the analysed cord blood cytokines and the mode of delivery (C-section vs vaginal delivery).
No significant associations were found between the analysed cord blood cytokines and histological choriamnionitis (all grades of chorioamnionitis, and the most severe histological patterns with funisitis and/or chorionic vasculitis).
Discussion
Exposure to intra-amniotic inflammation induces fetal lung maturity, which favours survival in the context of preterm delivery. However, chronic exposure to microbial products and inflammatory mediators induce profound changes in the developmental program of the lung (alveoli and vasculature). Therefore, the short term gain in lung maturity can extract a price, which is the predisposition to the development of chronic lung disease. Clearly, the pathogenesis of BPD results from a combination of immaturity, oxygen toxicity, and mechanical damage during the course of ventilation, and also antenatal inflammation [24] . Cytokines are small soluble peptides or glycoproteins, whose primary function is intercellular communication. They are produced and act on leukocytes, endothelium, and other cells. They play a major role in the control of the inflammatory response through the regulation of: (1) the innate immune response; (2) the adaptive immune response; and (3) the growth and differentiation of hematopoietic cells [24] .
IL-1β is a pro-inflammatory cytokine considered to be a central mediator of septic shock and is associated to many of the clinical manifestations of sepsis, such as fever, hypotension, leukocytosis [24] . IL-1β has been shown to be increased in bronchoalveolar lavage fluid [6, 56] and in blood plasma [49] of preterm infants that developed BPD. KE Willet et al. reported that the intra-amniotic injection of IL-1β induces in- Table 7 Association between delivery mode (C-section) and chorioamnionitis with intra-uterine growth SGA (n = 31) AGA (n = 119) p C-section, n (%)
28 (90) 76 (64) 0.001 * Chorioamnionitis (all grades), n (%)
14 (45) 50 (42) 0.762 * AGA -appropriate for gestational age; SGA -small for gestational age; * Chi-squared test.
flammation and maturation in fetal sheep lung [41] . A link between inflammation and disturbed retinoic acid pathway was demonstrated for the first time by K Bry and U Lappalainen [3] . K. Bry et al. also demonstrated in bitransgenic mice that IL-1β disrupted alveolar septation [33] . IL-6 measurement in amniotic fluid is a sensitive test for the prospective diagnosis of acute histologic chorioamnionitis and the identification of neonates at risk for significant morbidity (including BPD) and mortality [9, 11] . Increased activity of IL-6 has also been demonstrated in consecutive lung lavage samples of premature infants that developed BPD [1, 13, 39, 50, 56, 60] . Recently, the role of FIRS has been emerged as a possible mechanism of serious neonatal morbidity [26, 52] .
Amniotic fluid IL-8 concentrations have been shown to be elevated in neonates that subsequently develop BPD [23] . IL-8 is a potent neutrophil chemoattractant and has been reported to be increased in bronchoalveolar lavage fluid of premature infants at risk of chronic lung disease [9, 20, 64] .
IL-10 is an anti-inflammatory cytokine that may have a protective role in acute lung injury. IL-10 is a potent inhibitor of lipopolysaccharide-stimulated release of IL-8 and MIP (macrophage inflammatory protein -1 alpha) from neutrophils of the newborn via a mechanism not involving nuclear factor-kappa B activity [31] . Low IL-10 production has been linked to the development of BPD [2, 21, 42, 54] suggesting that IL-10 is protective against the development of BPD.
TNF-α, as IL-1β, is a pro-inflammatory cytokine considered to be a central mediator of septic shock, and there is also evidence supporting the role of TNF-α in the mechanisms of preterm parturition [19] . Significant elevations of TNF-α in tracheal aspirate fluids of BPD patients have been demonstrated in animal and human studies [5, 30] .
In this study, IL-8 venous cord blood values were significantly elevated in patients that developed moderate/severe BPD when the outcome death or moderate/severe BPD was considered. IL-8 was associated to a lower gestational age as it was shown to be significantly increased in the most premature neonates that were deceased in the first days or weeks of life. IL-8 was also elevated in small for gestational age preterm newborns with moderate/severe BPD when compared to small for gestational age neonates without BPD, and when compared with the overall patients that did not develop BPD.
In this studt, cord blood IL-1beta, IL-6 and TNF-α were not associated to BPD.
A relevant finding in this study was the cord levels of IL-6, IL-8 and IL-10, that were significantly associated to the requirement of oxygen at 36 weeks of post-menstrual age in small for gestational age preterm newborns.
Small for gestational age and intra-uterine growth restriction are fetal conditions that increase the risk of BPD and prolong the duration of mechanical ventilation in preterm infants younger than 32 weeks of gestation [28, 32, 43] . The main mechanisms to explain how intra-uterine growth restriction modulates the risk of a BPD have been described in animals. In experimentally growth restricted preterm lambs, impaired growth of terminal airways, gas exchange units and blood vessels have been shown [44, 51] . Furthermore, growth restriction leads to reduced expression of surfactant protein mRNA and could induce increase inflammatory activation [44] .
While elevated levels of pro-inflammatory cytokines are clearly associated with preterm birth, the relation between cytokines and fetal growth is not so clear. Some studies have addressed this issue. GI Neta et al. observed that levels of interferon gamma (IFN-gamma) in cord blood may be related to fetal growth restriction [27] . G Amarilio et al. observed significant elevations of IL-6, TNF-α, C reactive protein and thrombopoietin in cord blood of small for gestational age term and near term newborns compared with the appropriate for gestational age controls, suggesting that the pathological picture of chronic fetal hypoxia observed in intrauterine growth restriction shares features with the inflammatory response [25] . Elevation of maternal and umbilical serum levels of IL-8 and TNF-α have been observed in patients with preeclampsia with intrauterine growth restriction and these levels were significantly higher than in patients with preeclampsia with normal fetal growth [29, 45, 48, 55] . KD Heyborn and coworkers, to further define the role of abnormal immune activation and suppression in mediating impaired fetal growth, measured levels of IL-10 in amniotic fluid samples and observed that IL-10 levels in small for gestational age samples were elevated compared to controls, supporting the role of an abnormal immune activation, as opposed to inadequate immune suppression, in mediating impaired fetal growth [38] . AG Rijhsinghani et al. demonstrated that the administration of anti IL-10 monoclonal antibodies to pregnant mice did not alter the duration of gestation, however, it appeared to be associated with transient neonatal growth deficiency [7] .
Preeclampsia has been shown to be associated with reduction of some cytokines within the amniotic fluid compartment and concomitant reactive augmentation of other cytokines within the maternal and fetal organism [58] . Intra-uterine growth retardation has been shown to be associated with increased levels of TNF-α in the amniotic fluid, whereas the cytokines G-CSF, GM-CSF, and IL-1 were reduced [59] . Not only inflammatory disease but also intra-uterine growth retardation is characterized by a changing cytokine pattern.
RA Odergard et al. demonstrated that in severe preeclampsia, cord plasma IL-6 concentration was lower than among controls. The strong association between low IL-6 levels and low birth weight ratio appeared to be present mainly in early-onset disease versus late onset disease [53] . T Hata et al. investigated the participation of cytokines in fetal distress and observed that fetal distress causes an elevation of immune factors such as IL-6, IL-8 and granulocyte elastase (GEL) [57] . ME Street et al. observed higher levels of IL-6 in placenta lysates of growth restricted newborns than in appropriate for gestational age. IL-6 in lysates was negatively correlated with birth length, weight and head circumference [46] . BK Rinehart et al. observed increased expression of IL-1beta, IL-10 and TNF-α in placentas of preeclampsia patients and suggest that this may be in association with placental hypoxia and may contribute to the global endothelial dysfunction observed in preeclampsia [8] .
The insulin growth factor system is central to fetal growth. ME Street et al. demonstrated that the placenta of fetal growth restricted neonates presented higher IGF-II, IGFBP-1, IGFBP-2, and IL-6 contents compared with controls [47] . Another study confirmed a close relationship among IGF-II, IL-6 and fetal growth [22] .
Cytokines have also been implicated in normal and hypoplastic lung development. Many cytokines are produced by different lung cells at various stages of fetal development. Cytokines present in amniotic fluid or in the blood stream may reach the fetal lungs. Some cytokines, including epidermal growth factor, transforming growth factor-alpha, and interferon-gamma have been shown to stimulate the production of surfactant components [35] . IL-1 in amniotic fluid has been shown to promote lung maturation in preterm newborns [36] . IL-1 has also been associated to the degree of maturity of surfactant proteins and the direction of its effect seems to change significantly along the fetal period [61] . C Nogueira-Silva et al. studied the role of IL-6 on fetal lung growth and observed that there is a physiological role for this cytokine on pulmonary branching mechanisms, most likely involving p38-MAPK intracellular signalling pathway [15] . Also, blocking IL-6 activity significantly diminished the intrinsic capacity of hypoplastic fetal lungs to recover from hypoplasia and attenuated their daily branching rates [58] . There is some evidence that IL-4 decreases human airway smooth muscle cell proliferation [37] . Inflammatory mediators regulate the insulin-like growth factors (IGF) system, a key modulator of lung fibroblast proliferation. The activity of IGFs is regulated by IGF-binding proteins (IGFBPs) secreted by lung cells. WA Price et al. demonstrated that various cytokines regulate IGF-BP production and clearance by fetal lung cells suggesting a mechanism by which cytokines regulate cell proliferation following lung injury [63] .
Conclusion
The results of this study support the idea that not only inflammatory disease but also intra-uterine growth retardation is characterized by a changing cytokine pattern. Our results highlight the existence of an association between elevated venous cord blood IL-8 and moderate/severe BPD, independently of the intra-uterine growth; and the association of low levels of venous cord blood IL-6 and IL-10 and moderate/severe BPD in small for gestational age preterm newborns.
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